In Korea, the obesity rate among children and adolescents is 15.3% and is steadily increasing.
ward dietary habits. Studies of the dietary habits and eating behaviors of obese children have been conducted continuously. However, the results of these studies have differed somewhat because of the diverse range of methods used to evaluate the quality of meals and nutritional statuses of individuals. To supplement these methods, a more convenient nutrient quotient (NQ) for children, which incorporates the types of foods mainly consumed by children, was recently developed in Korea 6 , and studies are attempting to incorporate this NQ. However, studies involving obese children are very insufficient.
In this study, the NQ for children was applied to obese children requiring aggressive nutritional mediation to determine dietary lifestyles and nutritional statuses, examine the usefulness of the NQ for this population, and analyze characteristics.
Methods

Study subjects
Seventy-five children aged 7-12 years who visited the childhood and adolescent obesity clinic at Soonchunhyang University Bucheon
Hospital, for growth evaluation, obesity examination, and requested nutritional consultation were selected as subjects. The goals and contents of the study and assurances of autonomy and anonymity were explained to the children and their parents. Written consent was received accordingly, and approval was received from the clinical test institute of Soonchunhyang University. Eleven children who expressed intentions of refusal during the survey were excluded; as a result, data for 64 children were used in the final analyses. All subjects were classified according to sex for comparison (29 boys, 35 girls).
Study contents and methods
1) General characteristics and obesity index
Bone age was measured to compare children's ages and bone maturation. Bone age was measured using X-ray images of the left hands and carpal bones, and differences between the real and bone ages were compared. Regarding body measurements, X-SCAN PLUS II (Jawon Medical Co., Ltd, Gyeongsan, Korea) was used to measure the children's heights, weights, body mass indices, body fat amounts, and body fat percentages; a tape measure was used to measure their waist and hip, which were subsequently used to calculate waist-hip ratio. With reference to Korean childhood and adolescent standard growth charts 7 , the degree of obesity was classified as mild obesity, or 20-29% according to standard weights by sex and height; moderate obesity, or 30-49%; and severe obesity, or ≥ 50%.
2) Blood tests
Although various blood tests were performed, only the values of 16 parameters (hemoglobin, hematocrit, serum albumin, glucose, blood urea nitrogen, creatinine, aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, lactate dehydrogenase, uric acid, cholesterol, neutral fat, high-density cholesterol, calcium, and phosphorus) were collected from medical records and used for the study survey.
3) Nutrient intake status analysis
The nutrient intake status was analyzed using a specialized nutrient intake analysis program (CAN-Pro 3.0; the Korean Nutrition Society) after surveying 3-day meal intakes via a 24-hour recall method that involved face-to face interviews with a clinical dietitian before starting nutritional education. In addition, the energy ratios of the three major nutrients, including energy, vitamins and minerals, were calculated.
4) Evaluation of the nutrient quotient for children
The NQ for children was developed by the Korean Nutrition Society in 2012, and its validity has been verified. The quality and nutritional status of each meal associated with a child's eating behavior is evaluated and scored. The NQ for children comprehensively evaluates whether children are consuming sufficient nutrients required for growth and development and whether they exhibit appropriate eating behaviors. The NQ for children comprises five areas: balance in dietary life (five questions), diversity (three questions), moderation (five questions), regularity (three questions), and practice (three questions). The scores for these five areas were converted and summed to yield overall mean scores. Based on a 100-point range, an NQ score of ≥ 90 is graded as "highest", 75-89 as "high", 25-74 as "moderate", 10-24 as "low", and <10 as "lowest". 
Statistical analysis
All data collected for this survey were statistically processed and analyzed using SPSS for Windows, version 18.0 (SPSS, Chicago, IL, USA 
Results
Evaluation of the degree of obesity among study subjects
The mean age of the subjects was 9.7±1.8 years. The mean ages of boys and girls were 10.4 ± 2.1 and 9.2±1.9 years, respectively, and this difference was not significant. The mean bone age was 10.9 ±1.7 years, or higher than the mean real age, and again boys and girls did not differ significantly in this aspect. The overall mean difference between the bone and real ages was 1.2 ± 0.8 years, with subgroup differences of 0.8± 0.8 years for boys and 1.5± 0.8 years for girls; notably, the girls had a significantly greater difference in bone age (P = 0.036).
No differences in the body mass index, body fat amount, or total weight without fat were observed between the groups. The body fat weights of boys and girls were 36.6± 8.3 and 30.9 ± 4.6 kg, respectively, and this difference was significant (P = 0.022). Boys also had a higher mean waist-hip ratio (0.86 ± 0.1) than did girls (0.79 ± 0.1), indicating that boys exhibited significantly more severe abdominal obesity (P = 0.009). The mean obesity index was 132.8±17.2%, and there were no differences between boys and girls. However, when the degrees of obesity were determined, boys and girls had mild obesity rates of 44.8% and 28.6%, respectively, moderate obesity rates of 44.8% and 57.1%, respectively, and severe obesity rates of 10.4% and 14.3%, respectively, indicating that girls had significantly higher moderate and severe obesity rates (P< 0.001; Tables 1 and 2 ).
Biochemical test results
When the blood test results of the total subject group, boys and girls, and subjects with varying degrees of obesity were evaluated, most results were found to be within normal ranges. However, in the case of alanine aminotransferase (ALT), the level among boys was 66.7± 111.8 IU/L, or higher than the normal range (0-40 IU/L) and significantly higher than the level recorded for girls (P = 0.003). Regarding uric acid (P = 0.030), although boys had a significantly higher level relative to girls, the two groups remained within the normal range. Further analysis according to the degree of obesity revealed significantly higher ALT levels in the severe obesity group (P = 0.015; Table 3 ).
Comparison of nutrient intake status
The overall subjects' mean energy intake was 1,957.7± 547.1 kcal, with values of 2,046.9 ± 746.1 kcal for boys and 1851.6± 348.0 kcal for girls, indicate that boys had a significantly higher intake (P = 0.014).
The protein intake values were 79.4 ± 35.9 g for boys and 63.0 ±18.3 g for the girls, and again, the boys' intake was significantly higher (P = 0.028). The carbohydrate intake values were 266.0 ± 80.9 g for boys and 291.9 ± 65.1 g for the girls, and here, girls had a significantly higher intake (P = 0.039). Furthermore, when compared with girls, boys had significantly higher intakes of phosphorus (P = 0.019), iron (P = 0.011), vitamin B6 (P = 0.022), niacin (P = 0.034), and cholesterol (P = 0.018). The overall mean sodium intake was 3,964.9 ±1,128.5 mg, with values of 4,049.4 ±1,240.6 mg for boys and 3,575.3±1,039.9 mg for girls; this intergroup difference was not significant. When the energy intake ratios (%) were calculated according to the intakes of carbohydrate, protein, and fat, which contribute to energy, the overall carbohydrate:protein:fat ratio was 60.4:20.9:19.9, with ratios of 57.2: 24.6:20.1 for boys and 62.8:16.9:21.3 for girls; in other words, boys had a significantly higher protein intake (P = 0.004), whereas girls had a significantly higher carbohydrate intake (P = 0.001).
When subjects were classified according to the degree of obesity, those with severe obesity were found to have higher intakes of protein, fat, fiber, calcium, iron, sodium, zinc, vitamin A, vitamin B1, vitamin B6, niacin, folic acid, vitamin E, and cholesterol in comparison to the other two groups; however, only the intakes of protein (P = 0.011), fat (P = 0.023), niacin (P = 0.034), and cholesterol (P = 0.031) differed significantly. Regarding energy intake ratios, the severe obesity group had significantly higher protein intake ratios than did the other groups (P = 0.042; Table 4 ).
Evaluation of eating behavior using the nutrient quotient for children
Each item of the NQ for children was analyzed and compared in Table 5 , and the total score distributions of the overall subjects, boys, and girls on a 100-point scale are expressed in figures for clarity. The overall subject group received a mean balance score of 62.7± 15.6 points, mean diversity score of 58.4 ±17.7 points, mean moderation score of 64.2 ±11.8, mean regularity score of 61.6 ±19.2, and mean practice score of 57.2 ±18.4 points; in other words, they received relatively low scores for diversity and practice. In an intergroup comparison, boys received slightly higher scores for balance, diversity, moderation, and practice, whereas girls received a higher score for regu- larity. Notably, the girls' scores were only significantly higher in the regularity part (P = 0.037). The overall mean total NQ score, after summing all the items, was 59.6 ±15.3 points; the scores of 58.8±
13.1 points for boys and 60.2 ±13.7 points for girls did not differ significantly. In an analysis according to obesity degree, the severe obesity group received significantly lower moderation (P = 0.032), regularity (P = 0.003) and mean total scores (P = 0.019) relative to the other two groups (Table 5 and Fig. 1 ).
Discussion
In recent years, the dietary lifestyles of children have undergone rapid changes, which have exacerbated the related problems of nutritional imbalance and obesity in this population. 9 In addition, management of environmental factors, such as eating habits or exercise, has been identified as more important than immutable genetic factors. 10 Therefore, pediatric obesity treatment should preferably pro- All data are expressed as means± standard deviations. *P values were determined using an independent t-test; † P values were determined using an ANCOVA adjusted for sex. All data are expressed as means± standard deviations. *P values were determined using the independent t-test; † mote growth and development along with balanced nutritional intake and the use of physical activity to consume excessive energy, while taking growth periods into consideration. 11 This study strived to apply the NQ for children to obese children in order to examine the appropriateness of eating behaviors and nutritional intake statuses in this population relative to existing study results. First, when the degrees of obesity of subjects in this study were evaluated using mean body mass index results, boys and girls were found to be obese and overweight, respectively. The present subjects' body mass index values were found to be higher than those reported for both obese boys and girls who participated in an obesity management program in a study by Kim et al. 12 However, although both boys and girls were classified as obese when body fat percentages were compared, girls had slightly higher body fat percentages and higher frequencies of moderate or severe obesity according to the obesity index. These results somewhat contrast the results of the 2013 citizen health nutrition survey in Korea, which reported higher obesity rates for boys than girls 13 ; however, it must be noted that the sex-related obesity characteristics in this study were different from those of other studies because the subjects of this study and their parents visited the hospital for a specific purpose.
According to the biochemical test results, the levels of ALT and uric acid were significantly higher in boys than in girls. Very likely, increased serum hepatic enzyme levels in obese children are caused by nonalcoholic fatty liver disease. 14 In some previous studies, an increase in ALT consequent to fat accumulation in hepatic cells is caused by insulin resistance and is known to be a very important factor related to an increased risk of metabolic syndrome. 15, 16 In addition, triglyceride is a representative parameter associated with hyperlipidemia and cardiovascular disorders, and the levels of this parameter among the subjects of this study were slightly higher than the cutoff level of 150 mL/dL. Kim et al. 17 observed similar results when comparing the blood properties of overweight or obese children and adolescents. In obese children, lipid and liver function tests should be monitored continuously, and more aggressive mediation may be required according to the diagnostic state.
The overall nutrient intake status was analyzed according to sex.
Overall intake values, including energy, were higher among boys than among girls, and boys had significantly higher intakes of protein, phosphorus, iron, zinc, vitamin B6, niacin, and cholesterol. In contrast, girls consumed significantly more sugar than did boys. Energy was compared with the estimated requirement according to
Korean nutrient intake standards 18 ; the intakes of protein, calcium, phosphorus, iron, sodium, potassium, zinc, vitamin A, vitamin B1, vitamin B2, vitamin B6, niacin, vitamin C, and folic acid were compared with the recommended intakes; and the intakes of fiber and vitamin E were compared with sufficient intakes. Both boys and girls were found to consume more energy, protein, phosphorus, iron, sodium, zinc, vitamin B1, vitamin B2, vitamin B6, niacin, vitamin C, and vitamin E than the standards for the corresponding age groups, whereas their intakes of fiber, calcium, potassium, vitamin A, and folic acid were insufficient. In particular, the nutrients with insufficient intake were similar to those reported in studies by Kim et al. 19 and Park et al. 20 Regarding obese children, a balanced overall nutritional intake should be emphasized because nutritional excesses related to irregular meals, frequent dining out, increased intakes of processed food and carbonated drinks, and insufficient vegetable intake raise concerns that the intakes of minerals and vitamins essential for growth and development might be insufficient. In addition, the relatively high carbohydrate intake rate among girls in this study suggests a correlation between excessive sugar intake and obesity and indicates that education about the allowable intakes of foods with high sugar contents is needed to prevent obesity. An evaluation of nutrition intake statuses according to the degree of obesity, which compensated for differences in sex, found significantly higher intakes of protein, fat, niacin, cholesterol, and protein in the severe obesity group, indicating that intake patterns differ according to the Analysis of the NQ for children results revealed that the overall mean total scores were generally low, with no great differences between boys and girls. Among the five areas, boys received higher scores for balance, diversity and moderation, whereas girls received slightly higher scores for regularity and practice. However, boys and girls both received low scores, and the only significant difference was observed for regularity. When compared with the results of the NQ for children obtained for elementary school students in the study by Lee et al. 21 , the mean score of the subjects of this study was lower than the previously reported mean score of 66.2 ±13.2 points, and the subjects of the present study received lower scores on all items except balance. When compared with the obese group included in the community child center study by Kim et al. 4 , the mean score of the subjects in the present study was slightly lower than the mean score of 59.1± 14.6 points in the earlier study, although the present subjects received higher scores in the areas of balance, regularity, and moderation. An analysis according to the degree of obesity revealed that the moderation, practice, and total scores were significantly lower in the severe obesity group. The NQ for children scores were also lower in both the underweight and obese groups relative to the normal weight group in a study by Kim et al. 4 In particular, the low practice scores same with the results of the previous study. Furthermore, the total score among of subjects in the present study was similar to the corresponding score in a previous study 4 that analyzed the NQ according to the degree of obesity in a cohort of 152 children;
however, the subjects of the present study received relatively lower scores in the areas of moderation and regularity. Because studies involving the NQ for children remain in preliminary stages and few have involved obese children, it is difficult to make accurate comparisons. However, a comprehensive evaluation of several studies revealed consistent trends; specifically, obese children received lower NQ for children scores than did children with normal weights, and the former also received lower practice scores. Therefore, it is very important to provide nutritional mediation with individualized improvement goals and methods that can be continuously practiced during weight management.
In this study, the influences of various items on obesity induction, including the NQ for children, were not analyzed; this is a limitation of a retrospective study in which generalization is difficult because of the small number of subjects. However, the above results demonstrate that the NQ for children was very helpful in providing clients with an explanation of the analytical results regarding dietary lifestyles and in identifying problems that must be solved to allow obese children who require treatment-level management to stay healthy, form appropriate eating habits, and achieve a balanced nutritional intake. In addition, the significance of this study lies in the fact that its methods were actually used in a clinical field for which no standardized tools were previously available. The findings of this study are expected to serve as baseline data for studies of the eating habits of obese children and should be extended to other age groups and diseases in future studies in order to lay a foundation for utilization of the NQ for children.
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